Aim. To investigate the possibility of human cultured cells to incorporate isolated mitochondria together with
Introduction. The reason of high distribution of so-called human «mitochondrial diseases» is the presence of numerous structural and functional gene disturbances in the mitochondrial genome. To cure these diseases, some new molecular and cellular technological approaches are necessary.
As it was shown previously, plant, yeast and mammalian mitochondria possess a mechanism of natural competence for DNA uptake [1] [2] [3] [4] . Those organelles might be used as potential vehicles for cell transformation in vivo in order to study mechanisms of horizontal gene transfer and to develop new biomedical technological approaches for gene therapy of human mitochondrial diseases.
Material and methods. Mitochondria were isolated from potato tubers (Solanum tuberosum), and the import conditions were performed as it was previously described [1, 5] .
MitoTracker Orange CMTMRos (500 nM) and Hoechst 33342 (0.1 mg/ml) were used respectively to label fluorescently the isolated potato mitochondria and the mitochondrial DNA.
To investigate the transport of mitochondria into eukaryotic cells, we used cultured cell lines of human adenocarcinoma (HeLa), primary fibroblasts (GF) and human umbilical vein cells (HUVEC). Cells were cultivated in IM medium, containing 10 % FBS and antibiotics, at 37°Ñ and 5 % CO 2 . Cells were incubated with mitochondria in growth medium without serum for different periods of time, then washed twice in the same medium and additionally incubated in IM with 10 % FBS.
To estimate the efficiency of mitochondrial incorporation, cell probes were analysed by live-cell imaging using fluorescent microscopy with the help of Axio-vert 200M («Carl Zeiss», Germany) inverted microscopy device. Images obtained by Axiocam Mrm CCD camera were analysed with AxioVision 4.8 software. To estimate the efficiency of exogenous DNA uptake by mitochondria, we used the method of quantitative PCR. Oligonucleotide and fluorescent sequences used in PCR are listed in the Table 1 .
Results and discussion. Effectiveness of mitochondrial uptake by cultured human cells depends on incubation time and mitochondrial concentration. To optimize the conditions for cultured human cells to uptake the fluorescently labelled mitochondria, we incubated the isolated potato mitochondria with HeLa cells or primary fibroblasts either for different periods of time ( Fig.  1 , see inset) or at various organelle concentration in the incubation media (Fig. 2, see inset) .
The concentration of mitochondrial suspension used for the incubation in the time course assay was 9 mg/ml. The time of cell incubation with mitochondria is indicated ( Fig. 1, see inset) . The intracellular space is visualized by cell staining in 0.6 mÌ Calcein-AM.
For both tested cell lines, we observed evident passing of the labeled mitochondria through the cell membranes, which was visualized by appearance of stained organelles in the cytosol. At all time points, nucleolus became also stained. The fluorescence intensity for MitoTracker dye achieved its maximum by an hour of incubation. Within time, the spectrum of fluorescent distribution altered with appearance of numerous granules.
We tested also the dependence of mitochondrial incorporation by cultured cells on organelle concentration present in the medium of incubation (Fig. 2 , see inset). The optimal concentration of mitochondrial protein in incubation medium was 4.5 mg/ml. The time of incubation was 60 min.
Using of quantitative PCR to analyse isolated mitochondria uptake by cultured cells HeLa and HUVEC.
To analyze the efficiency of mitochondrial translocation into cellular space, we tested also the possibility to use the method of quantitative PCR (TaqMan). Sequences of the mitochondrial gene cox2 served as amplification primers (Table 1 ). In order to estimate which cellular compartment would become the preferred target for the mitochondrial DNA uptake, we tested both nuclear and membrane-cytosol fractions of the cellular extract, taken after cell incubation with organelles.
The results of quantitative PCR showed that in case of mitochondrial incubation with HeLa cells mitochondrial DNA goes mostly into the nuclear fraction, whereas in case of organelle incubation with HUVEC cells mitochondrial DNA is associated mainly with the membrane-cytosol fraction. In case of both cell lines, the efficiency of mitochondrial DNA incorporation into cells correlates directly with the mitochondrial concentration present in the incubation medium (Fig. 3) .
By quantitative PCR, we analyzed the possibility of cultured cells to uptake exogenous DNA mediated by mitochondria transfer. 2,3PrGFP DNA-fragment (3 kb) Table 1 Nucleotide sequences of primers and fluorescent probe amplified from the 2,3PL/GFP plasmid was used for DNA import assay with mitochondria isolated from potato tubers. The import (DNA taken at 25 ng/ml concentration) was run in standard conditions (described in [1, 5] ) for 40 min, followed by DNase treatment. After import had been over, the mitochondria were incubated with HeLa cells, time of incubation was 2 h. We analyzed the nuclear and membrane-cytosolic cell fractions both for DNA delivery and stability. In later case, after incubation with mitochondria, cells were washed and subjected to further incubation for indicated periods of time. The transfer of internal mitochondrial gene cox2 to the membrane-cytosolic fraction was more effective when the mitochondria concentration in assay was increased. Though the absolute amount of gfp in this cell fraction was low, its relevant amount compared to control (background amplification) was at similar rate, 37-fold increasing for cox2 and 23-fold -for gfp ( Table 2 ). The stability of the mitochondrial genetic material, both internal and exogenous, inside cells was however low and tended to degrade with time (Table 2) .
Fluorescently labeled DNA (10 ng, by Hoechst 33258) was also used for import into isolated potato mitochondria with subsequent incubation of treated organelles with cultured cells. The protein concentration in these assays was 1.8 mg/ml. As it was shown on Fig. 4 (see inset) some granular structures were observed in cytosol. Cells with nuclei stained by Hoechst 33342 were used as a control (Fig. 4, see inset) .
As a control for specific mitochondrial incorporation, cells were incubated with the maximal amount (100 ng) of the labelled DNA. The DNA delivery into cells mediated by mitochondria was 3-fold greater com- (Fig. 4, see inset) . Conclusions. 1. Two methods could be used to analyse the efficiency of exogenous DNA uptake by cultured cells via mitochondrial delivery -fluorescent labelling of DNA and quantitative PCR.
2. Potato tuber mitochondria uptake by human cultured cells (HeLa, HUVEC, primary fibroblasts) was shown by fluorescent labelling and microscopy visualization. Fluorescently labelled mitochondria incorporation by human cultured cells depends on time of cell's incubation with mitochondria (1-2 h) and on mitochondrial protein concentration (1,8-9 mg/ml).
